Abstract: Aluminum alloys are the most important part of all shaped castings manufactured, especially in the aerospace and automotive industries. This work focuses on the corrosion properties of the heat-hardening aluminum alloys commonly used for production of automotive castings AlSi7Mg0.3 and on self-hardening AlZn10Si8Mg. Iron is a common impurity in aluminum cast alloy and its content increases by using secondary aluminum alloys. Therefore, experimental materials were developed, with chemical composition according to standards (primary alloys) and in states with an increasing content of Fe. The experimental aluminum alloys are briefly discussed in terms of their chemical composition, microstructure, mechanical properties and corrosion behavior. Corrosion properties were examined using three types of corrosion tests: exposure test, potentiodynamic tests, and Audi tests. Corrosion characteristics of materials were evaluated using stereo, optical and scanning electron microscopy, energy dispersive X-ray analysis, too. Correlation of pit initiation sites with microstructural features revealed the critical role of iron-rich phases, silicon particles and corresponding alloy matrix.
Introduction
The modern world requires the use of light structural materials to improve fuel economy, energy consumption and emissions of gas in industrial application [1] . The properties (low density, high strength stiffness to weight ratio, good formability and good corrosion resistance) make aluminum alloys an ideal material for the manufacturing of components for automotive and aerospace applications [2] [3] [4] [5] . The main components of internal combustion engines such as cylinder head, cylinder block, crankshaft and pistons are the main automotive components where aluminum cast alloys are used. The importance is to achieve the requested properties, which do not depend only on the casting condition and solidification rate, but they are also significantly influenced by their chemical composition. The chemical composition leads to the formation of different microstructural features. From this point of view the most important features are α-matrix (dendrite cell size, secondary dendrite arm spacing-SDAS, grain size), eutectic silicon particles and intermetallic phases (size, morphology, amount) and porosity [3, 4, 6, 7] . Osório et al. [5, 6] investigated that the dendrite fineness can be even of more importance in the mechanical properties compared to the effect of grain size. It was also reported that unmodified samples of as-cast and heat-treated conditions reached higher corrosion resistance than the modified samples. On the other hand, research shows that the T4 heat treatment spol.s.r.o., Zátor, Czech Republic, and cast into sand molds. Such alloys are commonly used in the production of components of the aerospace industry, automotive castings-wheels, engine parts, and so on. However, with the increased usage of recycling this material was produced with different iron concentrations. The alloy was produced according to the standard 0.123 wt. % of Fe (alloy A), with the content of 0.454 wt. % Fe (alloy B) and with the content of 0.655 wt. % Fe (alloy C). The content of Fe was defined by the company based on the input raw materials and economical point (Table 1) .
Contemporary manufacturers would like to lower the economic demands of their manufacturing; therefore, makes sense to use self-hardened (without heat treatments) alloys. This class of alloys has a particular characteristic: they are subjected to a natural ageing phenomenon and after a period of about 7 to 10 days can achieve good final mechanical properties without any further thermal treatment [2, 25, 26] . This is a good opportunity to reduce the final production costs. Therefore, the second experimental material was AlZn10Si8Mg (UNIFONT 90). The AlZn10Si8Mg material was produced with a higher Fe content. Alloy D-AlZn10Si8Mg was prepared according to standard (0.150 wt. % Fe), and E-AlZn10Si8Mg was produced with the content of Fe 0.559 wt. %.
Experimental alloys, with the chemical composition reported in Table 1 , were produced by gravity casting. According to the requirements, the material is not modified and grain refined. The experimental material was observed in form of bars with a 20 mm diameter and 280-300 mm length. Its mechanical properties (ultimate tensile strength, Brinell hardness, ductility), microstructure and corrosion resistance of the prepared samples with different content of Fe were investigated. The test specimens with dimensions corresponding to the standards (ISO 6892-1:2009) for measuring the ultimate tensile strength (UTS) and specimens for corrosion properties with 10 mm diameter and 17.50 mm length. Changes in tensile properties (UTS and ductility) were measured on INSTRON Model 5985 according to the standard ISO 6892-1:2009. Test rates and control are set according to the A Method recommended ranges. The template is intended for specimens that produce a clearly defined linear elastic region and homogenous deformation. The calculated results include UTS and ductility. Hardness measurement for secondary aluminum alloy was performed by using a Brinell hardness tester with load of 250 kp (1 kp = 9.80665 N), a 5 mm testing ball, and a dwell time of 15 s. The evaluated UTS, ductility and Brinell hardness reflect the average values of at least six separate measurements for each experimental material.
Three different pre-exposing environments were included in order to elucidate the important relationship between the material and environment. The first was an exposure test in 3.5 wt. % NaCl solution at 20 • C for three weeks. Each specimen of the experimental material was degreased in ethanol before testing, and then dried. Potentiodynamic (PP) testing was chosen to evaluate the electrochemical corrosion characteristics. Each specimen of the experimental material was degreased in ethanol, and then dried before testing. Measurements were performed in the 0.5 M NaCl at 20 ± 2 • C, using laboratory potentiostat VSP Biologic SAS (Univesity of Žilina, Žilina, Slovakia). The three-electrode cell system was used, including an experimental specimen with the exposed area of 1 cm 2 set as the working electrode, a platinum electrode was set as a counter and saturated calomel electrode (SCE), which served as a reference electrode (+0.242 V vs. platinum electrode). The PP tests started after 10 min of potential stabilization-between the experimental specimen and the testing electrolyte. The applied potential ranged from −200 mV to +300 mV. The range of potentials was set with respect to the open circuit potential (OCP) and the scan rate was 0.2 mV/s. The measured data in form of potentiodynamic curves were analyzed by the Tafel extrapolation method, and the values of corrosion potential E corr and corrosion current density i corr we obtained using EC Lab V10.34 software (Univerity of Žilina, Žilina, Slovakia). From the E corr and i corr values the corrosion rate r corr was calculated. The third corrosion test was carried out according to the Audi internal PV 11 13 standard used in the automotive industry [20] . Each of the experimental material specimens were degreased in ethanol before testing, then dried with hot air, and immersed in an Audi solution: 1 dm 3 H 2 O + 20g NaCl + 0.1 dm 3 25% HCl for 2 h at 20 ± 2 • C. After this test, specimens were rinsed in distilled water, dried in hot air, and weighted. Weight losses were used to calculate corrosion rates.
Corrosion surface analysis was carried out to identify the type of corrosion attack by scanning electron microscope (SEM) and stereo microscopy after exposure corrosion tests. The characteristics and depth of corrosion attack of studied alloys were examined using a cross section of the specimens-optical microscopy. The stereo microscope Olympus SZX 16 with camera DP73 for visual observation, and a computer for photo documentation was used. The samples for optical microscopy observation using a Neophot 32-microscope with a Nikon digital sight DS-U2 camera were prepared by standard metallographic procedures (wet ground on SiC papers, DP polished with 3 µm diamond pastes followed by Struers Op-S). Some specimens were also observed using a scanning electron microscope VEGA LMU II (Univerity of Žilina, Žilina, Slovakia)., equipped with Energy dispersive X-rays analysis unit (EDX) in order to study the corrosion localization. The metallographic observation of microstructure changes as the effect of increased iron content was observed using an optical microscope. The samples were prepared by standard metallographic procedures (wet ground on SiC papers, DP polished with 3 µm diamond pastes followed by Struers Op-S, etched by ammonium molybdate-MA and Dix Keller) (Univerity of Žilina, Žilina, Slovakia).
Results and Discussions

Mechanical Properties
The results of mechanical properties show increasing or comparable properties with increasing content of Fe in both types of experimental material (Figure 1 ). The first material type AlSi7Mg0.3 has maximum mechanical properties in state (B) with 0.454 wt. % of Fe (UTS = 150 MPa, HBW = 55, and ductility = 1.91%). The A-series specimens (in the state according to standards) have the lowest mechanical properties (UTS = 141 MPa, HBW = 52, and ductility = 1.45%). The differences of UTS and Brinell hardness are insignificant, because these are about 5-7% in UTS, and 3.5-5.7% in HBW. More important are the differences in ductility of about 9-30%. 30% was present in samples B (with 0.454% of Fe). The above is probably related to a higher content of Si causing finessing of the alpha matrix [5, 6] . standard used in the automotive industry [20] . Each of the experimental material specimens were degreased in ethanol before testing, then dried with hot air, and immersed in an Audi solution: 1 dm 3 H2O + 20g NaCl + 0.1 dm 3 25% HCl for 2 h at 20 ± 2 °C. After this test, specimens were rinsed in distilled water, dried in hot air, and weighted. Weight losses were used to calculate corrosion rates. Corrosion surface analysis was carried out to identify the type of corrosion attack by scanning electron microscope (SEM) and stereo microscopy after exposure corrosion tests. The characteristics and depth of corrosion attack of studied alloys were examined using a cross section of the specimens-optical microscopy. The stereo microscope Olympus SZX 16 with camera DP73 for visual observation, and a computer for photo documentation was used. The samples for optical microscopy observation using a Neophot 32-microscope with a Nikon digital sight DS-U2 camera were prepared by standard metallographic procedures (wet ground on SiC papers, DP polished with 3 μm diamond pastes followed by Struers Op-S). Some specimens were also observed using a scanning electron microscope VEGA LMU II (Univerity of Žilina, Žilina, Slovakia)., equipped with Energy dispersive X-rays analysis unit (EDX) in order to study the corrosion localization. The metallographic observation of microstructure changes as the effect of increased iron content was observed using an optical microscope. The samples were prepared by standard metallographic procedures (wet ground on SiC papers, DP polished with 3 μm diamond pastes followed by Struers Op-S, etched by ammonium molybdate-MA and Dix Keller) (Univerity of Žilina, Žilina, Slovakia).
Results and Discussions
Mechanical Properties
The results of mechanical properties show increasing or comparable properties with increasing content of Fe in both types of experimental material (Figure 1 ). The first material type AlSi7Mg0.3 has maximum mechanical properties in state (B) with 0.454 wt. % of Fe (UTS = 150 MPa, HBW = 55, and ductility = 1.91%). The A-series specimens (in the state according to standards) have the lowest mechanical properties (UTS = 141 MPa, HBW = 52, and ductility = 1.45%). The differences of UTS and Brinell hardness are insignificant, because these are about 5-7% in UTS, and 3.5-5.7% in HBW. More important are the differences in ductility of about 9-30%. 30% was present in samples B (with 0.454% of Fe). The above is probably related to a higher content of Si causing finessing of the alpha matrix [5, 6] . The second experimental material AlZn10Si8Mg showed a decrease in UTS, a little increase in Brinell hardness and a comparable value of ductility by comparing standards, as well as a higher content of Fe (Figure 1 ). The increase in Brinell hardness was caused by with a higher amount of hard and brittle Fe-needles phases. The difference was of 5%, therefore these changes in mechanical properties are insignificant. The usage of the material with higher content is not impossible. The influence of the α-matrix, as reported Osório [5] , was confirmed. Mechanical properties change of the same experimental materials properties with different content of Fe was just slightly different, because of the α-matrix (finesses and content) being very similar for each material (Figures 2 and 3 ). The second experimental material AlZn10Si8Mg showed a decrease in UTS, a little increase in Brinell hardness and a comparable value of ductility by comparing standards, as well as a higher content of Fe ( Figure 1 ). The increase in Brinell hardness was caused by with a higher amount of hard and brittle Fe-needles phases. The difference was of 5%, therefore these changes in mechanical properties are insignificant. The usage of the material with higher content is not impossible. The influence of the α-matrix, as reported Osório [5] , was confirmed. Mechanical properties change of the same experimental materials properties with different content of Fe was just slightly different, because of the α-matrix (finesses and content) being very similar for each material (Figures 2 and 3) .
Regarding the possibility of replacing AlSi7Mg0.3 with AlZn10Si8Mg, it we can say that AlZn10Si8Mg has better mechanical properties compared to AlSi7Mg0.3 cast alloy (but this alloy is in not heat-treated state). The ultimate tensile strength was 33% higher, Brinell hardness by 59%, and ductility by about 38% in as cast state of both materials.
Microstructure of Experimental Materials
Typical hypoeutectic aluminum-silicon alloys possess two major microstructural components, namely, aluminum matrix and an aluminum-silicon eutectic. The wide variety of intermetallic phases in aluminum alloys occurs because of Al high reactivity, caused by its negative standard potential [9] . Most negative are iron-rich intermetallic phases. In Fe-containing aluminum cast alloys, Fe-rich intermetallic phases are formed, such as β-Al [12] [13] [14] [15] . The Chinese script morphology of the α-iron phase occurs during eutectic solidification. The iron phase can also appear in the form of polyhedrons if it solidifies as a primary phase. The β-phases crystallize as thin plates looking like needles in their cross section. This phase is mostly associated with iron levels greater than 1 wt. %. From electrochemical point of view, the β-Al 5 FeSi phase is nobler than the matrix in aqueous media, making the alloy system highly susceptible to localized corrosion. The harmful effect of the β-iron phase can be neutralized by rapid solidification; addition of neutralizers such as Mn, Co., Cr, Ni, Sr, K, and Be can change the morphology of the phases or enhance the precipitation of Fe-rich particles, which are less harmful than needles; melt superheat; strontium modification and non-equilibrium solution heat treatment [1, [12] [13] [14] 27, 28] . Observation of the basic microstructure of all experimental materials showed that it consists of α-phase dendrites, eutectic (a mechanical mixture of α-phase and eutectic silicon) and different intermetallic phases (Figures 2 and 3 ). Regarding the possibility of replacing AlSi7Mg0.3 with AlZn10Si8Mg, it we can say that AlZn10Si8Mg has better mechanical properties compared to AlSi7Mg0.3 cast alloy (but this alloy is in not heat-treated state). The ultimate tensile strength was 33% higher, Brinell hardness by 59%, and ductility by about 38% in as cast state of both materials.
Typical hypoeutectic aluminum-silicon alloys possess two major microstructural components, namely, aluminum matrix and an aluminum-silicon eutectic. The wide variety of intermetallic phases in aluminum alloys occurs because of Al high reactivity, caused by its negative standard potential [9] . Most negative are iron-rich intermetallic phases. In Fe-containing aluminum cast alloys, Fe-rich intermetallic phases are formed, such as β-Al5FeSi; Al9FeSi2, Al3FeSi2, Al4FeSi2, α-Al15(FeMn)3Si2, Al8Fe2Si, Al19Fe4MnSi, Al12MnSi2, Al12Fe3Si, π-Al8Mg3FeSi6, and Al5Si6Mg8Fe2. From these phases identified in Al-Si base alloys, the α-Al15FeMn3Si2 and β-Al5FeSi phases are more important [12] [13] [14] [15] . The Chinese script morphology of the α-iron phase occurs during eutectic solidification. The iron phase can also appear in the form of polyhedrons if it solidifies as a primary phase. The β-phases crystallize as thin plates looking like needles in their cross section. This phase is mostly associated with iron levels greater than 1 wt. %. From electrochemical point of view, the β-Al5FeSi phase is nobler than the matrix in aqueous media, making the alloy system highly susceptible to localized corrosion. The harmful effect of the β-iron phase can be neutralized by rapid solidification; addition of neutralizers such as Mn, Co., Cr, Ni, Sr, K, and Be can change the morphology of the phases or enhance the precipitation of Fe-rich particles, which are less harmful than needles; melt superheat; strontium modification and non-equilibrium solution heat treatment [1, [12] [13] [14] 27, 28] . Observation of the basic microstructure of all experimental materials showed that it consists of α-phase dendrites, eutectic (a mechanical mixture of α-phase and eutectic silicon) and different intermetallic phases (Figures 2 and 3) . The α-matrix precipitates from the liquid as a primary phase in the form of dendrites, and it nominally comprises of Al and Si in AlSi7Mg0.3 cast alloy. The size of dendrites (fineness and content) is similar for each state of our experimental materials, but the SDAS is slightly different. Siparticles are like small-poorly rounded grains. However, thickened grains were observed on the periphery of α-phase dendrites (Figure 2 ). Intermetallic phases in the microstructure of the The α-matrix precipitates from the liquid as a primary phase in the form of dendrites, and it nominally comprises of Al and Si in AlSi7Mg0.3 cast alloy. The size of dendrites (fineness and content) is similar for each state of our experimental materials, but the SDAS is slightly different. Si-particles are like small-poorly rounded grains. However, thickened grains were observed on the periphery of α-phase dendrites (Figure 2 ). Intermetallic phases in the microstructure of the experimental materials were: Fe-rich intermetallic phases in needles form: Al 5 FeSi, Fe-rich intermetallic phases in the form of skeleton or Chinese script: Al 15 (FeMg) 2 Si 2 and Mg-rich intermetallic phases: Mg 2 Si. Studying the microstructure confirmed formation of Fe-rich intermetallic phases mostly in form of skeleton-like as needles in alloy A (chemical composition according to standards-0.123 wt. % of Fe). Needle, iron-rich intermetallic phases are smallest (alloy A) compared to an increased Fe content (alloys B and C). The increasing amount of Fe leads to formation of larger Fe-needles intermetallic phases ( Figure 2 ) and the amount of these phases' increases as well. The increasing content of Fe leads to formation of, especially, iron-rich phases in form of needles, then it in forms into skeleton-like shapes. Skeleton-like shapes were not observed in alloys B and C. These findings correlate with research work of authors [12] [13] [14] . The authors confirmed that the higher the iron content, the longer and wider the needles. The Mg-rich phases were observed in a smaller volume in materials A and B compared to alloy A.
The microstructure of AlZn10Si8Mg cast alloy consists of α-phase, eutectic (dark gray Si crystals in α-phase) and various types of intermetallic phases (Chinese script-Mg 2 Si, oval round-like particles Al 2 CuMg, Fe-needles-Al 5 FeSi, particles of AlFeMnSiNi, and ternary eutectic Al-MgZn 2 -Cu). (Figure 3 ) [25, 26] . The α-matrix precipitates from the liquid as the primary phase in the form of dendrites and nominally comprises of Al and Zn. The size of dendrites (fineness and content) is similar for both states of the experimental material. Si-particles, in the form of small, poorly rounded, thickened grains were observed on the periphery of α-phase dendrites (Figure 3 ). Fe-containing intermetallics, such as Al 5 FeSi phases, are formed especially between the α-dendrites. Studies confirmed that with increasing Fe content grows the amount and length of Fe-rich needle phases in the experimental material AlSi7Mg0.3. Since this alloy, despite its high zinc content, belongs to the typical Al-Si alloys, it could be used as replacement for AlSiMg alloy applications, because it has a similar microstructure to hypoeutectic Al-Si alloys [24] [25] [26] . (Figure 2 ) and the amount of these phases' increases as well. The increasing content of Fe leads to formation of, especially, iron-rich phases in form of needles, then it in forms into skeleton-like shapes. Skeleton-like shapes were not observed in alloys B and C. These findings correlate with research work of authors [12] [13] [14] . The authors confirmed that the higher the iron content, the longer and wider the needles. The Mg-rich phases were observed in a smaller volume in materials A and B compared to alloy A. The microstructure of AlZn10Si8Mg cast alloy consists of α-phase, eutectic (dark gray Si crystals in α-phase) and various types of intermetallic phases (Chinese script-Mg2Si, oval round-like particles Al2CuMg, Fe-needles-Al5FeSi, particles of AlFeMnSiNi, and ternary eutectic Al-MgZn2-Cu). (Figure  3 ) [25, 26] . The α-matrix precipitates from the liquid as the primary phase in the form of dendrites and nominally comprises of Al and Zn. The size of dendrites (fineness and content) is similar for both states of the experimental material. Si-particles, in the form of small, poorly rounded, thickened grains were observed on the periphery of α-phase dendrites (Figure 3 ). Fe-containing intermetallics, such as Al5FeSi phases, are formed especially between the α-dendrites. Studies confirmed that with increasing Fe content grows the amount and length of Fe-rich needle phases in the experimental material AlSi7Mg0.3. Since this alloy, despite its high zinc content, belongs to the typical Al-Si alloys, it could be used as replacement for AlSiMg alloy applications, because it has a similar microstructure to hypoeutectic Al-Si alloys [24] [25] [26] . 
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Corrosion Behavior
Exposure Test
The specimens of the experimental Al-alloys were immersed in the 3.5 wt. % NaCl solution at 20 • C for three weeks. Corrosion attack was evaluated visually, by light and electron microscopy. By first visual evaluation (Figure 4) , differences in corrosion characteristics of the tested alloys were apparent. Pitting corrosion was observed preferentially in alloy AlSi7Mg0.3. The density and scale of corrosion pits grew with the Fe content. The effect of Fe on pitting corrosion of Al-alloys was confirmed earlier by Samuel [13] and Aziz [29] . Mingo et al. [30] and Arrabal et al. [4] mentioned in their work that in A356 (AlSi7Mg0.3) alloy corrosion initiates at the interface between the α-Al matrix and the Fe-rich intermetallic as a result of microgalvanic corrosion processes. Specimens of the AlZn10Si8Mg alloy were attacked by general irregular corrosion and their surface was covered by grey corrosion products. This correlates with the results by Khireche [31] stating that the impedance measurements and the microscopic observations confirmed the great activity of Al-Zn and Al-Zn-Sn compared to pure Al to corrosion. The segregation at the grain boundaries leads to intergranular corrosion. The assessment of the AlSi7Mg0.3(alloy B) surfaces after exposure test by using scanning electron microscopy shows that on surface there are places with localized corrosion pits ( Figure 5 ). SEM observation of the AlZn10Si8Mg alloys was not sufficient. corrosion pits grew with the Fe content. The effect of Fe on pitting corrosion of Al-alloys was confirmed earlier by Samuel [13] and Aziz [29] . Mingo et al. [30] and Arrabal et al. [4] mentioned in their work that in A356 (AlSi7Mg0.3) alloy corrosion initiates at the interface between the α-Al matrix and the Fe-rich intermetallic as a result of microgalvanic corrosion processes. Specimens of the AlZn10Si8Mg alloy were attacked by general irregular corrosion and their surface was covered by grey corrosion products. This correlates with the results by Khireche [31] stating that the impedance measurements and the microscopic observations confirmed the great activity of Al-Zn and Al-Zn-Sn compared to pure Al to corrosion. The segregation at the grain boundaries leads to intergranular corrosion. The assessment of the AlSi7Mg0.3(alloy B) surfaces after exposure test by using scanning electron microscopy shows that on surface there are places with localized corrosion pits ( Figure 5 ). SEM observation of the AlZn10Si8Mg alloys was not sufficient. Corrosion pits start nearby cathodic Si particles, where the protective layer is diminished and grain boundaries are weaker as well. This results in an agreement with experimental results of Arrabal [4] , Mingo [30] , Davis [32] , and Osório [33] . We suppose that the Fe cathodic particles can have a similar effect and can promote a higher density of corrosion pits in specimens with a bigger content of Fe. According to the authors of [33] , Si particles disseminated throughout the Al-rich phase. Because of the different growth mechanisms of each phase that was mentioned, their boundaries are not perfectly conformed, but are rather subjected to a certain deformation at atomic level, mainly in the phase side of the interface. It seems that these regions, due to their massive localized deformation, could be more susceptible to corrosion than a phase region that are not too close to the Si particles (Figures 6 and 7) . corrosion pits grew with the Fe content. The effect of Fe on pitting corrosion of Al-alloys was confirmed earlier by Samuel [13] and Aziz [29] . Mingo et al. [30] and Arrabal et al. [4] mentioned in their work that in A356 (AlSi7Mg0.3) alloy corrosion initiates at the interface between the α-Al matrix and the Fe-rich intermetallic as a result of microgalvanic corrosion processes. Specimens of the AlZn10Si8Mg alloy were attacked by general irregular corrosion and their surface was covered by grey corrosion products. This correlates with the results by Khireche [31] stating that the impedance measurements and the microscopic observations confirmed the great activity of Al-Zn and Al-Zn-Sn compared to pure Al to corrosion. The segregation at the grain boundaries leads to intergranular corrosion. The assessment of the AlSi7Mg0.3(alloy B) surfaces after exposure test by using scanning electron microscopy shows that on surface there are places with localized corrosion pits ( Figure 5 ). SEM observation of the AlZn10Si8Mg alloys was not sufficient. Corrosion pits start nearby cathodic Si particles, where the protective layer is diminished and grain boundaries are weaker as well. This results in an agreement with experimental results of Arrabal [4] , Mingo [30] , Davis [32] , and Osório [33] . We suppose that the Fe cathodic particles can have a similar effect and can promote a higher density of corrosion pits in specimens with a bigger content of Fe. According to the authors of [33] , Si particles disseminated throughout the Al-rich phase. Because of the different growth mechanisms of each phase that was mentioned, their boundaries are not perfectly conformed, but are rather subjected to a certain deformation at atomic level, mainly in the phase side of the interface. It seems that these regions, due to their massive localized deformation, could be more susceptible to corrosion than a phase region that are not too close to the Si particles (Figures 6 and 7) . Corrosion pits start nearby cathodic Si particles, where the protective layer is diminished and grain boundaries are weaker as well. This results in an agreement with experimental results of Arrabal [4] , Mingo [30] , Davis [32] , and Osório [33] . We suppose that the Fe cathodic particles can have a similar effect and can promote a higher density of corrosion pits in specimens with a bigger content of Fe. According to the authors of [33] , Si particles disseminated throughout the Al-rich phase. Because of the different growth mechanisms of each phase that was mentioned, their boundaries are not perfectly conformed, but are rather subjected to a certain deformation at atomic level, mainly in the phase side of the interface. It seems that these regions, due to their massive localized deformation, could be more susceptible to corrosion than a phase region that are not too close to the Si particles (Figures 6 and 7) . In some places of researched specimens, this pit dissolution was combined with inter-granular corrosion ( Figure 6) . A similar attack was observed by Gharavi [34] in their work. The EDX analysis also showed that corrosion products identified by a higher concentration of oxygen are localized in around Si particles. Near to the Fe particles, a slight accumulation of corrosion products was also observed (Figure 6 ). In some places of researched specimens, this pit dissolution was combined with inter-granular corrosion ( Figure 6) . A similar attack was observed by Gharavi [34] in their work. The EDX analysis also showed that corrosion products identified by a higher concentration of oxygen are localized in around Si particles. Near to the Fe particles, a slight accumulation of corrosion products was also observed (Figure 6 ). In some places of researched specimens, this pit dissolution was combined with inter-granular corrosion ( Figure 6 ). A similar attack was observed by Gharavi [34] in their work. The EDX analysis also showed that corrosion products identified by a higher concentration of oxygen are localized in around Si particles. Near to the Fe particles, a slight accumulation of corrosion products was also observed (Figure 6 ).
Metallographic analyses of the AlSi7Mg0.3 alloy confirmed ( Figure 7 ) that in corrosion pits the matrix is dissolved and the Si particles are resistant to the chloride solution. The beginning of intergranular corrosion was observed only on the specimen surface. With the higher Fe content, the matrix major amount of cathodic needles forms in the Al-alloy. This may create more places for corrosion on the surface. The above was agreed by visual detection (Figure 7) .
The specimens of AlZn10Si8Mg cast alloys featured intensive inter-granular corrosion (Figure 8 ), which can be expected in this type of Al-alloy [35] . Figures demonstrated a similar effect as the one described by Tahamtan [8] . It shows galvanic corrosion between silicon particles and the α-matrix. The results of exposure tests show that the susceptibility to inter-granular corrosion increased by higher Fe content. Metallographic analyses of the AlSi7Mg0.3 alloy confirmed ( Figure 7 ) that in corrosion pits the matrix is dissolved and the Si particles are resistant to the chloride solution. The beginning of intergranular corrosion was observed only on the specimen surface. With the higher Fe content, the matrix major amount of cathodic needles forms in the Al-alloy. This may create more places for corrosion on the surface. The above was agreed by visual detection (Figure 7) .
The specimens of AlZn10Si8Mg cast alloys featured intensive inter-granular corrosion ( Figure  8 ), which can be expected in this type of Al-alloy [35] . Figures demonstrated a similar effect as the one described by Tahamtan [8] . It shows galvanic corrosion between silicon particles and the α-matrix. The results of exposure tests show that the susceptibility to inter-granular corrosion increased by higher Fe content. 
Potentiodynamic Test
The corrosion characteristics achieved by potentiodynamic measurement test made in chloride solution reflect the Fe content in the AlSi7Mg0.3 alloy. The corrosion potential Ecorr of all AlSi7Mg0.3 alloy with a differing Fe-drop content very slightly differ with an increasing Fe content. However, the differences are negligible ( Table 2 ). The decrease in the corrosion rate is very well comparable in Figure 9 . The Fe up to 0.655 wt. % content shows that the corrosion rate decreased almost by a half. It is interesting that the thermodynamic stability presented by Ecorr decreased with the Fe content, but kinetics of the corrosion process expressed by the corrosion rate was retained.
In the AlZn10Si8Mg alloy with a higher Fe Ecorr content, the corrosion rate can be considered equivalent. In Figure 9 we can compare the corrosion resistivity of the alloys AlSi7Mg0.3 and AlZn10Si8Mg. The alloys (A, C-D, E) with similar Fe contents, but with higher contents of Zn have a different corrosion behavior. The Zn content decreases the corrosion resistance of Al cast alloys, but negative influences elevated contents of Fe were not recorded. 
The corrosion characteristics achieved by potentiodynamic measurement test made in chloride solution reflect the Fe content in the AlSi7Mg0.3 alloy. The corrosion potential E corr of all AlSi7Mg0.3 alloy with a differing Fe-drop content very slightly differ with an increasing Fe content. However, the differences are negligible ( Table 2 ). The decrease in the corrosion rate is very well comparable in Figure 9 . The Fe up to 0.655 wt. % content shows that the corrosion rate decreased almost by a half. It is interesting that the thermodynamic stability presented by E corr decreased with the Fe content, but kinetics of the corrosion process expressed by the corrosion rate was retained.
In the AlZn10Si8Mg alloy with a higher Fe E corr content, the corrosion rate can be considered equivalent. In Figure 9 we can compare the corrosion resistivity of the alloys AlSi7Mg0.3 and AlZn10Si8Mg. The alloys (A, C-D, E) with similar Fe contents, but with higher contents of Zn have a different corrosion behavior. The Zn content decreases the corrosion resistance of Al cast alloys, but negative influences elevated contents of Fe were not recorded. Figure 9 . Potentiodynamic polarization curves of the experimental materials in 0.1 M NaCl solution.
Audi Test
In practice, the Audi test is used to test corrosion behavior of Al alloys. The reason of its application in this work was to compare the results of this test with the ones usually applied in research works. The Audi test was carried out in an acid chloride solution (1 dm 3 H2O + 20 g NaCl + 0.1 dm 3 25% HCl) for 2 h. Characteristics of the corrosion attack are documented in Figure 10 . In or to determine the corrosion rates, experimental alloys were rinsed after testing in distilled water and dried, weighted before and after testing. The corrosion rate was calculated from weight losses (Table  3) . Visual evaluation is shown in Figure 10 , and no corrosion products are seen on the surface of AlSi7Mg0.3 alloy specimens with differing Fe content. Corrosion pits were only observed, especially on the specimen with a medium Fe content. Osório [5, 6] in his work demonstrated that an increased Si content provoked a decreased corrosion resistance. This can be an explanation for the difference between specimens B and C. The highest Si content was included in the experimental material labeled B-one of the AlSi7Mg0.3 cast alloys (7.34%- Table 1 ). 
In practice, the Audi test is used to test corrosion behavior of Al alloys. The reason of its application in this work was to compare the results of this test with the ones usually applied in research works. The Audi test was carried out in an acid chloride solution (1 dm 3 H 2 O + 20 g NaCl + 0.1 dm 3 25% HCl) for 2 h. Characteristics of the corrosion attack are documented in Figure 10 . In or to determine the corrosion rates, experimental alloys were rinsed after testing in distilled water and dried, weighted before and after testing. The corrosion rate was calculated from weight losses (Table 3) . Visual evaluation is shown in Figure 10 , and no corrosion products are seen on the surface of AlSi7Mg0.3 alloy specimens with differing Fe content. Corrosion pits were only observed, especially on the specimen with a medium Fe content. Osório [5, 6] in his work demonstrated that an increased Si content provoked a decreased corrosion resistance. This can be an explanation for the difference between specimens B and C. The highest Si content was included in the experimental material labeled B-one of the AlSi7Mg0.3 cast alloys (7.34%- Table 1) .
Specimens of AlZn10Si8Mg were covered by grey corrosion products. The corrosion products on the AlZn10Si8Mg alloy with a lower Fe content were not been continuous when compared to the ones on the surface of the sample with a higher Fe content. The corrosion rate calculated from weight losses was nearly four times higher.
Under the above conditions, AlSi7Mg0.3 alloys with varying Fe content were much more resistant to corrosion. Specimens of AlZn10Si8Mg were covered by grey corrosion products. The corrosion products on the AlZn10Si8Mg alloy with a lower Fe content were not been continuous when compared to the ones on the surface of the sample with a higher Fe content. The corrosion rate calculated from weight losses was nearly four times higher.
Under the above conditions, AlSi7Mg0.3 alloys with varying Fe content were much more resistant to corrosion.
Alloy A Alloy B Alloy C Alloy D Alloy E Figure 10 . Corrosion characteristics of the tested alloys after the Audi test.
Conclusions
According to the experiments and analysis performed, we can conclude that:
• Various chemical compositions greatly influence the studied properties of the tested aluminum alloys.
•
In terms of the effect of higher Fe content, the mechanical properties of AlZn10Si8Mg and AlSi7Mg0.3 cast alloys are not significantly influenced by it. The presence of hard and brittle Feneedle phases leads to slightly improved mechanical properties. Therefore, the use of such materials does not significantly influence the mechanical properties of resulting alloys.
The microstructure of both types of experimental materials is typically hypoeutectic, involving an α-matrix, eutectic and intermetallic phases. The α-phase's finesses and content were similar in the same experimental material. The silicon present is in the form of small grains of poorly rounded, thickened grains that were observed on the periphery of dendrites α-phase. Out of the intermetallic phases were in microstructure of AlSi7Mg0.3 cast alloys observed: Al5FeSi, Al15(FeMg)2Si2 and Mg2Si. The Mg2Si, Al2CuMg, Al5FeSi, AlFeMnSiNi and Al-MgZn2-Cu in AlZn10Si8Mg cast alloy. In both experimental materials were observed increase lengths and amounts of Fe-needle phases as a reaction to increased Fe content in the microstructure.
Worse corrosion properties were documented in case of AlZn10Si8Mg cast alloys, compared to experimental AlSi7Mg0.3 by all carried out experiments. During their exposure and Audi tests, it showed that higher Fe contents decrease corrosion resistance of experimental materials, but with regard to Si content. Based on the results of potentiodynamic a test was found that higher Fe amounts in AlSi7Mg0.3 casts alloys decelerate corrosion kinetic. These results correlate with Osório's work [33] . All applied tests showed better corrosion resistance in AlSi7Mg0.3 cast alloys. But it was also found that the above depends not only on the Fe content, but also on the proportion of Fe and Si in the Al alloys as reported by Osório [6] in his work. 
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